The interactions between C02 and H20 vapor exchange of the leaf and respirant organs like stems were studied in tobacco plants. The THEORY According to the model of a photosynthesizing leaf that I have proposed (2), the leaf is taken as a unit within which all sinks and sources of CO2 are represented by one sink and one source while one CO2 stream flows in a single pathway between the sinks and sources. The model is presented in Figure 1 The phenomenon of CO.2 compensation point was investigated and interpreted differently in the literature (9, 13). It was termed as CO2 compensation point (6, 23) or r (15). Gabrielsen (8) regarded it as a threshold below which no assimilation occurs while others interpreted it as a balance between photosynthesis and respiration (5, 6) or as a "minimum concentration that must be maintained in the intercellular spaces to give a rate of assimilation sufficiently high to balance the respiration rate" (10, 11). Heath (10) rejected Blackman's suggestion (1) that this is a function of nongreen tissue and claimed the existence of a "buffering system." Orchard suggested a "third process" in addition to ordinary dark respiration and photosynthesis (22). The effect of temperature (5, 6, 12, 17, 18, 27, 28) , and water strain on r and its relation to stomatal opening was also investigated (2, 14, 15, 19) .
The measured over-all resistance to C02 of a leaf and a stem enclosed in a measuring cuvette was the same as the measured resistance of the leaf when measured alone provided the resistance of the stem to C02 is relatively high. The combined C02 compensation concentration of a leaf and stem having high resistance to C02 was higher than the C02 compensation point of the leaf alone, by the magnitude of rate of C02 evolution from the stem multiplied by the overall resistance of the leaf. C02 evolution into C02-free air was found to be higher in light than in dark in leaves, while the reverse was true for stems. It was concluded that normally the CO2 compensation point of a leaf is unaffected by stomata and boundary layer resistance while the combined CO2 compensation point of a leaf and a stem differs in its nature since it represents a steady state of photosynthesis in which stem contribution, I, is equal to net photosynthesis, I.. Interpretation of the experimental data shows tht respiration in the light is unaffected by external C02 concentration (at the range of 0-300 ,ul liter) and by intensity of photosynthesis.
way have low CO2 compensation values (around zero) while species having photorespiration have higher values (4, 17, 19, 20) . Some of the discrepancies reported could be explained by differences in plant material used: whole potted plants (18) , detached shoots (1, 4, 20) , detached leaves (8, 15) .
Since plants utilizing the Calvin CO2 fixation pathway vary considerably in their r and it has recently been used as a measure for photosynthetic efficiency, it is important to investigate further its nature and its relation to photosynthetic efficiency.
This paper evaluates photosynthetic and r measurements of leaves of different size and efficiency measured alone or together with other plant parts, i.e., stems.
THEORY
According to the model of a photosynthesizing leaf that I have proposed (2), the leaf is taken as a unit within which all sinks and sources of CO2 are represented by one sink and one source while one CO2 stream flows in a single pathway between the sinks and sources. The model is presented in Figure 1 The phenomenon of CO.2 compensation point was investigated and interpreted differently in the literature (9, 13) . It was termed as CO2 compensation point (6, 23) or r (15) . Gabrielsen (8) regarded it as a threshold below which no assimilation occurs while others interpreted it as a balance between photosynthesis and respiration (5, 6) or as a "minimum concentration that must be maintained in the intercellular spaces to give a rate of assimilation sufficiently high to balance the respiration rate" (10, 11) . Heath (10) rejected Blackman's suggestion (1) that this is a function of nongreen tissue and claimed the existence of a "buffering system." Orchard suggested a "third process" in addition to ordinary dark respiration and photosynthesis (22) . The effect of temperature (5, 6, 12, 17, 18, 27, 28) , and water strain on r and its relation to stomatal opening was also investigated (2, 14, 15, 19) .
The magnitude of r reported in the literature varied considerably, even for the same species. Some workers proposed a universal value for all plants (8, 12, 18, 23) (9) where E, is the external CO2 concentration (,ul/liter), RS + Rp is the over-all resistance to CO2 (sec cm-3), and IRp is the CO2 compensation point of the leaf (,l'liter). Net photosynthesis, Is, of leaves only was calculated for the concentrations prevailing in the measuring cuvette at the CO2 compensation point when each leaf and stem were measured together. A positive correlation was found to exist between these CO2 concentrations and the intensity of net photosynthesis of the leaf for all 14 plants measured (Fig. 7) . The effect of CO2 contributed by the stem on the net photosynthesis, I , was calculated Plant Physiol. Vol. 48 Results in Table III show that stems evolved more CO2 into C02-free air in the dark than in the light, while the opposite was true for leaves. CO2 evolution into C02-free air calculated on a fresh weight basis was on an average almost 25 % higher in leaves than in stems for the 14 plants measured.
DISCUSSION
The use of the term r rather than CO2 compensation point was suggested in order to avoid any implications as to the precise relations between respiration and assimilation (15) . The results in this paper show that the physiological meaning of this value C02 COMPENSATION POINT AND PHOTOSYNTHESIS depends greatly upon the plant material measured. CO, compensation points of leaves are supposed to have mainly an internal CO2 source of respiration, while when stems and leaves are measured together an extra CO2 source external to the leaf is involved. In both cases "true" photosynthesis (i.e., the amount of CO2 reaching the chloroplasts) equals respiration while net photosynthesis differs. Therefore the term r cannot be used for both cases. In the case of a leaf the CO2 compensation point is unaffected by stomatal resistance while in the case of a leaf and stem measured together, R., which includes stomatal resistance, is also involved (equations 2, 9). Whether or not a leaf has also external or intracellular CO2 sources is an open question. However, any fitness between experimental and calculated values based upon the model suggests that it is negligible. This was also supported by Heath (11) . It must be borne in mind that the model suggested here is an idealized form combining all CO2 streams entering and leaving the plant organelles as single streams. The junction J (Fig. 2) is a hypothetical point inside the mesophyll cells of the leaf. Its location is determined by the average of all internal streams. If all cell organelles which evolve and fix CO2 are randomly distributed in a uniform cytoplasm, then J is located at the center of the cell. The leaf is taken as a uniform unit, although differences in photosynthesis along the leaf may occur (25, 26) . Whether or not such differences exist is not clear (25, 26) ; however, our test is the experimental result which fits the model (Figs. 3, 4, 5) .
If the over-all resistance, R, + Rp, of the stem is very large in comparison to the over-all resistance of the leaf, its effect on the combined over-all resistance should be negligible since these resistances are parallel. However, its effect on the net photosynthesis measured on leaf and stem together depends upon its CO2 compensation point, IRp. Stems which in addition to a high over-all resistance have IRp values similar to, or smaller than, those of the leaf, will have a very low net photosynthesis, 1,, and therefore will hardly affect the measured photosynthesis of a leaf. The stems we used had a very high CO2 compensation point as compared to the leaves and therefore had a pronounced effect on the combined photosynthesis. When an entire plant is enclosed in a measuring cuvette, green stems are probably shaded and as a consequence their CO2 compensation point increases, causing reduction in net photosynthesis and increase in the CO2 compensation point of the entire plants. Extrapolating the values of internal CO2 concentration instead of external concentrations (24) does not help much since net photosynthesis at the intercept is expressed by equation 11 is = IRsA-JIRP R., + RP (11) where IsRs stands for internal CO2 concentrations (21) and R, is the liquid phase part of Rs The intercept at zero CO2 concentration is accordingly lRp R8, + Rp (12) A calculated line of internal C02 source versus net photosynthesis, I, for plant 10 is shown in Figure 5 , line c. This line intercepts the abscissa at the CO2 compensation point IRp while the slope is changed from I:R, + Rp (the over-all resistance) to I:R51 + Rp (the "mesophyll resistance"). 
